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(54) ELECTRICAL CHARACTERISTIC EVALUATION APPARATUS AND METHOD FOR SEMICONDUCTOR 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an electrical characteristic evaluation 
apparatus and method which achieve a measurement and an inspection of 
electrophysical quantities (carrier density, movability. resistance rate, electric 
conductivity, etc.). of a semiconductor material to be measured without contaminating 
nor scratching it 

SOLUTION: A terahertz pulse light source 2 is provided to irradiate a semiconductor 
material 5 with terahertz pulse light a photodetecting means 6 to detect the 
transmission pulse light or the reflected pulse light from the semiconductor material 5, 
terahertz time region measuring means 7 and 8 to obtain a spectral transmission factor 
or a spectral reflection factor from a time series waveform of the intensity of the 
electric field of the transmission pulse light or the reflected pulse light and an 
arithmetic means 9 to calculate an electrical characteristic parameter of the 
semiconductor material based on the spectral transmission factor or the spectral 
reflection factor. 
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Xt£2 5 a©##M«SttT1f>:7y >£OW*2 1 a 

>W*#2 5 a JWiltStiTl******** -C * 
Ktf>7'';>^^X2 1 a#JtMten*£ v -e©£* 
<D?y?V>!f'*)\/Z2 1 a#h 1f> 
X y > 2 1 a &C <fc 6tc;£|?)c* +• V 7 ifiS-. 0 . * 

? trjyWBlBi (^F0/tO rHNBt/c v iu$©ftS'J • IB 20 
tfSa7 (03) KH^ffi (°c«J§&g|I) <&IB1S$^ 

[0 04 3] CCt, *#ftvi^2 5* 

P>©»^*#2 5 aCWKBKKtfcflfrr*. tttt • 
ieS^g7T*». jS*^*^ 5 a©1UI&g£ffii 

■rs. S65c. ihw • gateiSi7Ttt. •y->:? , y>^ 

;UX 2 1 a $ A 5 > ^*B$RSIj§JIaJ«| ?7-24 

2 5 a©««S&it*itaiL-Ci9>< . 
[0 0 4 4] AftfttUJ, t>^';>^W2 1a* 30 
7 v 7^7^ , ;ux^tHS2 BlcAJj-rzftM&A t-3o 
•f 6 LT . 2 5a ©^it&g£lf 

#iAfr 0 c©»fp*kil»»)ii-rci{cj:0. QS9t. 
*6l*llt t *"r©IB (04(a)) fCfefcOWaa&BD&s 

m&&ttiz>. sea:. r^«lfflii<»*w»-r*!t» 

[0 04 5] fcfc. mi 1 ■££«*©*«» 

m (S3) Kftgsn*. *©*£*. hq-k^-tji^ 
2 5 a ©*tB5fia©^^!ijS9g*is e»n 

4. 09 B. loofi^ca.oocaBoriSlfflWcft-a 
rfcfcWa^OB^JSJ&D-fl-C**. 2*©fti^ 
E,..Ct),E r .,(t) B> att)l£***23a©*BK:* 
${*#f4 2 5 £Jf A bfci*i#AOttl»i t ©$0£ 

[0 04 6] C©B#^»?:7 : -^MSgS8 (0 

3) r7-«;if8*r*c£(c<fc»). aciyrjeasn 50 
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$>S. 2#©ftigS I E,..(co) I , I E ret (co) I tt. ill 
*J6*3R 2 3a ©^fc*3Wttm 2 54#Alfci* 
iSAL*l>itO^0«K«[&t^ t Hate. € 
i89SS©fl[*B©HiS3*l$tt*>»6ti*. 
[0 04 7] ^©JI^iUTB^ *"*\ 2 
3 a (H8) ©*»{C^«*t*42 5*An*C»r«F* 
?M E ref (t )* *J5£ b , #A3ffi©!gti I E r . , (co ) I 

fcet efffiffl 0 r . mmm 2 5 

icffA L fc«»-C«$£?U«3& E,,.(t ) 
5ea»A^©«*l E,,. (co) I fci:c>'{ifie s „.£f#6 
(09 ,0 1 0#M) . 

[0 048 ] »6ftfc I E r .,«a)|. I E„. 

(co) I, 6 r . f , d... <Dfflmm*'X®3<(.l 4)fc<fctf 
£(1 5)JcttA"r*C£CcJ:g, **fl*f** 2 5 ©tt« 
®#f$n+ i k**»SC4*Jr*S. S(l 4),S;(1 
5)B. ±IB©S(4),5£(5)£g0bfc4>©r&S. 

[«10] 



n = 



* = -— In 
cod 



co 



- + 1 



(14) 



4« 



OS) 



*fe/c^fflj?^n+ i k*±IB©SC(l 0)tC 

•;r©fta«iaiT*s**ntf. ±ib©so )*«iot 

*f yrafBEN*t**»). ±IB©S(1 1)~5£(13)£ 
fiJffll-SCitciO. SttgM, ffi5x$p. 

5»©tf«rai«iii«i^>*5-iBffc«:<fcor«^-fni3t:* 

[ 0 0 4 9 ] m 1 1 B. ^ft-v *^©*©*«W#tt 
*5M!fe-5MHS ; &»Ita^rm/cB#©^X(a)i > 
^^vi/X^-cmfcB#©r^7cSi?@i^(b)r*^ 0 0 1 

®3>h7X F©Sl^iffi5i$P©^^ ; S:^:^'rtJ0. 
[0 05 0 ] **W$^6, *^BJ©^m!|f14i¥1iSI 

^»<*tm©asw!j«Ftt/< 7>-$ oifffi^tcst 

S ^ - V> > ^'^©HSfeJf^K -3 1 > /c*5 , 
[0 05 1 ] ^(C. 5-o©SJ^*»"C*S*jtS 

aj^^-^^^^rSKoii-cttw-r*. 01 2», 
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t- mtmtfxmtemt o. mmn 1 5 ©£& 

K-ftJISW OT jtj§ W J - i>£f#£ ©r * 4. 
[0 05 2] ^Or. j^WXjfc©X-Yffil*i©*tt 
SiSMi-f^-y>^y7 3 6 (m$SZk+r:& 
j$&&t*47s) fcctO*3>f^-^2 0 A£ffl(,>T— 

f*i 5) ^ntsag^fiUfli^ffl^T^tts-e^*^* 
t,>©r. sar gusrariSii-f y -S c <h#r £ 

[0 05 3] B$Njge£B (*B*) ^6 >f j* - s?> y 

fcgftSttfctf&X - YBSrt©«»?ftflE»flr*H-iWr * 
Cit, B^JjgjS-M-^fffcftS. 
2 0Ar«. j£^^-^>*iM##£©»££l5l* 
cov -'J jtg8fciS»*fT 5 c £ J: 9 . -^TcSiJW 

V<D-X7tWmfefr 67 F >IBftr ftli § ft 5 «fc 5 a 
«BSaaW*3>tra-*±rff5C4«:j:*). 

[0 0 54] 01 3tt. *|6W©#^3ffl-/^-5»^ 

Ml ltt, f-Z^fryrWZjlfMl 2, ia;*4M l 3 J: 

£ft£>, l©^-s^tfigti 6(t«. 3>f 

a-$2 0A«3tlW5. I£*4S1 3 ©<£«:». 

1 5 <D£to-CMftrZm%%&& 13ai, 

¥>g<*tt*4 1 5 frt>offi&>wxjt*mm z>&m& 

*1 4iJ&JiWttSftTfc») % Cft6tt^^^l/*^JiiS8H[ 

»&fc»©**jfir**. 

[0 05 5] ?^'Vrt'yW*#»l 2*>6#&£0fc^ 

4tt»). *««mi 5©*»K-ejiwsft. 

l 5 * aa or i 4 rtt* $ ft. A * - 

5^*asie <*i*a#a) KAitt-*. stfti^fcj: 

4 jt 6«. jgja-M-^£-J§rtfc 
WO. WHSK«:Jt«-r*fll#%3>ta-3'2 0A^ 

[0 056]3>fa-i!2 OAtt. ftf'J • 3Bte$K 1 
7i. r-*MaHgl 8 4. St*gai9 4. 
ffl^§2 o 4rflteS3ftri>*. SHW • SBttSa l 7 
tt. -fy-yttHHgi etcfcortfetHSftfcjKi^^- 

£«:. *©l^5U«^*ftiMOg2!t-rSSar*4. r 
-**JS»B1 8tt, -H3R»{c«f»5>J«»©7-yx 

sanaw*m>. B^*^*hMcsBftor##aa 

(#7cH&) £f#£$IBr&£. tHH • etf&B 
1 7fcJ:tf7 r -£Ma£lgl 8»f"7^'>«flHI«Wjtt- 
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[0057] ?gn$ia 1 9 (mn^m) ». f 8 - ***a 

•f (ommm^mm or. ^gfttm 1 5 *©* * y 
rmg. sab. mm. 

hi>o ®^ffi^g2 0«. iHUggl 9iC<fcorf#6 

ftfc±sa©»iif r -3'*fflt»r, «SM$ftfcH-rs-^ 
7v&&mm (ftitmm) *»*fc*©«ar** (B« 
^a^S) = ssk. MfM§£a2 0«. ^XtcSK 

or. ¥mmmft&Q='XKmmmn$L?z>mw'c 

a) . 

[0 058] #j£BS-f > $f#3G©W»Sitt, f" 

^^^^^^^©^^-■ytttHgi 6r*o. sifi© 

7VW*«??i£0fc«,>. 0#>0&#6. ZM. (Q.Wu et. 
al, App1.Phys.Lett. Vol .69, No. 8, P. 1026(1996)) (CJo 

t»r ftr i»*«R36»^> 7* > ifttzmmt 

[0 05 9] Ma^tCtt. «ft*^ttlir^6ftfe-f ^ 
- y ^ 0 ffi 0 . f 5 ^ 7 M-;U^7C©miS^S(C^?? 

or«aoi6^tSft©jBj»T*^t'r'5# » 

Wffl 0 r r -5 ^ >V "J %<D A * - itfMR* W8W6© 
fi*««K:aaftoriii<Wb-r**Sr*4. c©fKW^ 

^B%*fiW 4 c t «fc o . ¥-w&m*<Dm%wm 

[ 0 0 6 0 ] *fc. ±iBHM^r«. *»fttm©+ 
6) fcMHLfc*«. F^-^^KJRaaftKRAr. ¥ 

«ft4mrtv©«^sM4 + y r©??a^#jso 

[o o 6 1 ] m 1 4 a. ^as-f ^-^>^skj;4 
40 wa^ffflgRaciRBiftiHirfts. hi 4K*rai 

^4 1 i3>f^-^4 5AP , 3©ttaiJ- gSftSS 4 

2. f-«gg4 3, 0B^SIia4 5<i:». 

^. S3(c^-riiJ^Ml. ft«l-SBtesai7. r-^M 

alias, wmmmmmi o tmswrnc-cibz. cc 
r«. mi 4&m?m^ftmmms<Dwmmv$>z> 
s»SB4 4Ko< r >ri«:siiji-rs. 

[0 06 2] jH#gg4 4 (81*^8) ». r-$^a 

^a 4 3 rf# h titcft$M&m<Dmmwitii&&ii> h . « 
art zmnmm.mmzmm or . ^Mimm 5 ©* + y 
50 twbl. mm, mm. ^mfcmmzwm mmv 
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««aBia4 5{c*jt>r. raeasuHMMtsn. £6 
ic x 3>t**-£±r*©f : ^£ji'ii&^a£<£o-cfflf 

So 

[ 0 0 6 3 3 0 1 5 ti. Si 4©*SW$ttSIBSBK::fe 

SO#i*ST^nfe^HT*4. 0 1 5 K^T 8?tfH£ 
m<D5*S 1 1~S 1 3, S 1 5~S 1 7«> 0 10 

6K^fSl~S3, S5-S 7 ip]D-C*6o CCT'* 
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*». 01 5(£^f S 1 4 (S$SH%3tt£ffll>&:*?-7 
7") KonrSKKgrr*. ffl|l©fc*K:-iIBRK:oi» 

[0 0 6 43 01 5©S 1 1 ,S 1 2*g-C#g>6tlfc 

£©-ttflWtHI«tt. UEK^/cct^JC, ±IBS(6)-C 

mztiz (hi 5©s i3). *fc. ^fttm ut£ 

#31(1 6)©J:5iC«3*i*. 
[ill 1 3 



Sw 2 n 



AnNe 2 



o) 2 m -ca 2 -iooy 



m o)(o)+i/r) 



(16) 



±K©SC6)i5$(l 6)£©Mfl«&»6. #©£(1 7)fc 
cfctfsSCl 8)#S6h5 (01 5 ©S 1 4) . s£(l 
7),5£(1 8)fcfctt*^Kj&»*¥£«>£. 

n 2 ^2 _ £ Sa> 2 ip(m 2 7P -a> 2 ) AnNe 2 r 2 

=£ ~ + (a> 2 m -w 2 J + a>Y~ m (l + coh 2 ) 



[ft 12] 



(17) 



2n* = 



S<o 2 joorf 



AnNe 1 



m* CO(l+G>V) 



(18) 



7-7^;u^B#ra^tt«>l#m (0 1 4©fH»J • KttSX 

4 2 tei^f- #&aisg4 3 ) icj: ^xmrnrnm® 
®mmftmn+ i ka^fwrts (01 5©s 1 2) /c 

«>. JJE5£(1 7 1 8)fCtotfS**Dfttt. + 

+ y t^sn i + + y T©ft&B#ra r t-c* -So ★ 

(C. -« 2 + * 2 )fc» 2 ro -Q> 2 ) 2 -HtfV 2 }f ^ TO -A> 2 ) 



★ [00653 ±iBS(i 7)*»j:cra;ci 8)£®iz:s-t*& 

C £ K J: «3 . * + >; 7©tfcftB#IHI t £ SSSJf$ n + i 
[ftl3 J 



a9) 



scci 8)©wff*>i5* + yr«it:N©fi*J» 
ens (01 5©s 1 5) . 

[0066] 3 6ft, »6ftfc* + yr8i*Nfej::f* 

+ y 7©&Simi t ©ffi£ A©£#J (±E©SC( 1 
1)~5£(1 3)) itttATSC^tJ:^ (015©S1 

6) . S5i$p, «me^ga>&#a^sc 

£#T# S (S 1 7) . 40 
[0 0 6 7 3 «±©«t «fc D f#e>*ifcftffir- *tt. 

0 1 4<omm&4 4*^iB«Ma$ifi4 5 kihas 
n, iHfc&&£84 5{c*ji>-caigaii«{t*-5i>tt*5 

* (t+yrafSN. sei$p. mn&mm 
o) km* z>~x.7€&&m&f)m ens. 7-7^ 

^©r^jc^ffl^^ffiff u ?F >g&Ktta 3 ft 5 

14^7^-$ (*+y7«KN. mmu> mmp, 50 



MSgg4 5) . 

[0 0 6 8 3 fcte. ±ffiS( 1 7 )*5cfcO'^;( 1 8 

s 2 -?©*&]$! (* * y t^sn + y T©mB#pa 

t) **»*{cSfcor«. *^ (N,r) «U(I: 

©«afbisi**tfr>-cfe«ti». ±iao^SM-c 
*-vy>rm (014) me-r, is^^^^o 

mm utemmmm) ©+* yr*a. ^sjjs« 

*fflosc£^rts. 
[ 0 0 6 9 3 0 1 6 «. #jt&m4jt -*s> 
S^#ttifffigg©«1f^0r&So 0l6K^f 
5 1 4 a > t * - * 5 5 A ©lt« • IBtf^g 5 
2. f-^fflgg5 3, Hi^Ma^g5 5£« > # 

^.013 Kwfiwea 1 1 , tHw • tsxtmt 17, f 
- ^Magg 1 8 , wwBM&m. 2 0 tmmm tr* 
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s. ecru, m i 6 icmirmMmmmmm.<omm 

[0070] a (wm^-m T-mm 
%m.5 3vnhtitcft%&mmmm (mm*) 
iMLtcmwmmmm^mmbx. $*gtmi5©* 

«. HHMJ88iI5 5K:*«,»-C i^tfc&UilMMbS 

■^rsawsstir, **fttmrtap©=^7cH!f«flw«s io 

[0 07 1 ] c©^SS>f^-> ; >i'*^K:J:ntf l 
r^;by^x#£¥*f«mi 5 ©£<*«:— JSIBSt 

rststc, «a^ - ^x3ie©x-YiSF«i©*«3sa»?ii 
wttm©«»i#tt a v * - * zmm • mm? -sggw: 

[0 0 7 2] 

[#69J©$H] *^BJ©m^#ttMKg*JJ:S>'ma# 

twiE»i*K«i:ntf. ¥*^*4©*sw*stttc«s& 

[ o o 7 3 1 r v^)iymmwmm^$tt 
- r ©«?«?*£* fcttsrwBaaa&^jpjffl'r * c i fed: 

H&fb-r s c i (c j: o . a>js • mmnmomm&mn 

[0074]$fc, SX£Jteffil>. H«tft;t2$ti£ 40 
fit* 5 c £ tcj: 0 . ¥ira4m©«SWR«ffX(cjiK 

ffi3&>6©j8il/<;b^3feSEteliSi*-'<;l'^**— StMftHJ 
[BiB©1»Si&Bi9i] 

[01] ^H6^»©«»«FttSFfl«IB©*^^^- 

[02] ^.m^nmomn^wammc «c so 
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[03] *iafeff^©^s -r y - v y >?m%m&>m 
[04] immm(Dmmmmmmm&&m?&m 

fi-M-^Ca )£#3fr814(b )©M^£7Kf ETC**. 

[05] *mzBt&<Dmm&wmmMic£mtf&m 
[06] *nii^©am^tti¥ttsg(Ccfcs)i?^a 

( F*-^©#RJKS»*ffll,>fc*&) 
0-C&S. 

[0 7] *IOt^»©«»«H4»flERtlK: J: oT=yc5c 

[08] *ntt^a©^i£s mmm** 

[09] *HfS^JB©«aittt»i^g«:J:orS6n 
fc**8K©B$*ai«g&T? $> £ . 
[010] *^SSff^©mm!(tttfffflggicJ:orf#6 

nfc«W8«©ja«»«a?tt© ^ 5 

[011] *HM^©mm^14ffffi^g^J:^rff 6 

hfc^ft ©««w«tt*«-r iBftt * 4 . 

[012] ^M^©*m#£f¥fflilg©#7fe2M-f 

[013] ^mmnmo^m^AA-^ymm^ 

[014] *2M>f^"^>^I'J*^*fflC^c^m^ 
ttSF fflilg©J3'J©tlf Jj&^T 0 T * S . 
[015] *a#ttfffili&gK«fc*]5«©JS¥W^ffi (91* 

[016] #3fe3BS-f Jf-y>^«**«*fflt»fe«a 

«ttffffi«B©«ii©«iJiS*w-ria-c*«. 

[*?#©I&BS] 

1 , 11. 4 1, 5 1 

2, 12. 22 f 

3 , 13 mm 

3a. 13a. 23a Wffifrlk 
4 (X-YXf-y) 

5. i5. 25 *mmm 

6. 2 6 f^^JUfW^fcltiS 

7 . 1 7. 42. 5 2 H-S'J • Gtt&a 

8. 1 8. 4 3, 5 3 f*-**yi8g 

9 . i 9, 44, 54 m wmw. 

10. 2 0. 4 5. 55 wmwam. 

10A, 20A. 45A. 55A 
14 Nfflt^X 

i6 -M-y&mg 

2 1 7 x A h fWJUfc*/-Cjl/^ — if- 

2 4 B#PiaSBJtt$7' 

2 7 B#P^25Igg 

2 8 ^SjS5 7- 

3 6 -{jt-^iyiftutv 
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